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In ·tr o p·�ot � n ·::...9cr 1 ·1 the de� ii:rt of fl\1t;d. · 
· .:rt,rol '"' Jte::.!J lH.;.vo- c ";·�::- ,v .Le ? '\Ll.'JI'� ttc::tt · Ollr; 'l'!1G r·i$t_:�-oo 
ar'O in .�0.:.>-t· C..iC :5 i...' l"'ily C·0 ".n ... 4-h!.:t:. '·hey t'..l' · �FJi. t�d ·:Jut. t U� r·•os•· 
o�- ·te:.1 c.:Jcar:;cd th' ��o�lce oi' · �·y '-liJlO Blt •· �hi'ers ·.-; h') ·;.;t"� • ·�oa-
c �r� l'loJ1 \·T' �. ' '1-1.) �'� p ' ,, . "':·tiv·"�1 f''f t ·J �' "J ·�·· "1 "� r: 4 t i ·- tr' "" r"' r ,) .....  ., .__ "' " \;#� ..ol.. '-t • rj. .,. J.""- ·� ,. ,..,.. . .... �- .. '"""' t �( .. - i.J J '-'·• -\  .J- - .# ,.- �_;j: \... , _ ,_., .,.. 
r�:tson,_ blt: ·t o ''1.\:):·�o!:J•) c! J.1:, oirdl:;.r , .. -: :.� t.:tl-:ct> 00.r b(: m._�ii.� in t!.�c 
f, , •. , ,....,., " ,  .. {· } l""'r• :., L -. •j. . U .,t., .7" \ .•• ,. Oro O "''� u .. ,n ... l .. l. '" •.:.f"• ·· o ') o'' � • · \ · :•'"'•� �V.-4.,. _ :f -v ,. >w .t. �"" � � � • · - c \:tJ":J -� ''v•'- .... • "- '-" \i "•· ..... \.1 1\-;,.�: -.r ' . ..l• - · - \,lv v • 
t.rm ··�t�.tc•:., ·�hr:; .:.u"'·"' pr)5.:tt....;l.i o; t n th � · .foll�m ·.n.�; 
t:rr l·n �.;..., ., .. : · .-:- I "' · ' n ·� "C.,_ .• , ... ,.. t' -... \ • ..... (.. ·''-· ..,J- :.. J_ �  t.. ;.- .t " v 0.1 '- ., v ......... �3 
----·�-- ·-t·• ----- ·----�- .. --... ·<�<�-- -· -... 












li ay "c"·lirc thu:t. tLe min r1vcr levoo be x cnued corloidu:t'lli.Jly f.,....,t�-- ..... • �. !'l'""i".r " : ' >· 'r·• •"" .- � ' 'J.."" a "o . ,.., , . . ·, - · - - -rv 0 1 U' y ... o -.tn'-Ul'"--i th:')t � , .. ._ �... ._ ,_ .,. _ ,.. lJ V t.ot� W' .& � '-.......... �..JI,.A. V AI . ..., ""U f.J �,� --- J .., L,. .,_.a V - V !..,.i4 
·be;, f.lOO level at it-.� d' •• n�tr<r"H 0!1-;). ·\-:a�; lC'i;t:r t.f wl tl.U r Of the� 
� {\11.'.. 11li t::1.:.r h� l<J� :.:u «> In � o floor_ p '0 •· • ct ion sy ··ter' for a. to· .n 
..,. ho 1 •"�'"''" · r\ ,... 1 � � {' c·'' r1'· : '"' U·" ·l "" :r· ·l u ·1 '"lo· ..: t ,� · :, ,.. .. .,., (.; 1'>1 oo,· J.. n v..,.. � v """' v . ._. ...__. • ..., .., v � i.J .J.. u ....., . .�,.� .1.. "'" ;.:; � •I • " "''"'-" '-'"'-"' .. ..L- "'U dW:.1{;�_�e r ·s..Utcd i:n. vh z .• end of ... ho ·u (:U )J; otcctu L . 
v�O lcvco. , - ' 
Lev c · t� oter.10 .;ll"� ftc..11 c · i[JH#a by ·bu-lcdn� ·the� ·1�v o (.:> to a 
co.t tc..in :1oit;ht :.:.bovc t' o 6!'C� c��t •· t'CVi'' u floc"'\ of r(.. c on .• o This 
iD not ;.lh?t.!!f� �'"l U�O(i ntn nc ... cho 3 1CO �;uch systems C.:J.n 't. t.i::ws . 
tm uitc cqr plic �t�d ;ill tl.e. co::-J,_;ut-.:. tio-. of tho hoi�;� t recu.i �c 
fo� .. t' � t1 �:� .... .. , ..., .,..,y ,... , n,- 1 ,- · G"" , . 1·. c·· �-· ie no . .... .... ,.!'" _ r ?.o in-.:;. �.,.,.., , t-hr 't .A • V �  y " ' -' • �vw •�- .,.,_.. ,.-.. . • · w ¥-oui \J \,;i lor'"w t4 J v -- t.4 '..,!' \.til 
ill o_ t.oo 1' o�ibllit.t. s _ ::;tr0.:w1 r ct:t.on 01·o co 10 d.0'"'0 • C..'1o 
casu tirnrc ·:>ro cct._o 'to u. "'crt.;.t o· :).1. .... above t.� ... Liehcst rccor·· o 
.flo ¥1-UG in3/cquat0 c ·�-r1 b9 111�� · r:.�t�d '.Ji t. t.ha fol') of the di.:-1-
t:;ru!J. in Fi��uro 1. In t' c 1 �l'$t.L.n:. floo· for ·1ttic: .::ta v;�s t v·.:lil.,. 
� le il ; at. rlo".: C..J.::!.I:.J do-:.;"0 tht:J O>t!"'�:�- fr�l \ to G; •. 4erc: "it 
ivi (!a, �st of it fl:n:L.; co-t:·::l tho qt�'-"tru:i GH • to 'th€. :3v<l1 p:J.rt 
flo·.,dn.:� c · un t . 1c cot ,....�.l o:...·.3C to t -� · .... t.."' � anr .... t:L+l anothc.r flOidn.;:; 
doul the C1)Ul"�t) C.SDF o tl-.c Be:a.· Th�,; l<;rt t o r f].o; W:'i : .... h�d l)ll� tho 
SlUiC ' u<:!.-iG :ud lo . . t-:hic.h CO.:.�t.rollO th(: flr1';l dO\Fl t.}O C. J.Zmcl· 
DF.. A·'-":: all fl0'\7 c;' 'H� do1-·.-:1 ��ho ch.: nnc_1· I.: I? m. jo· r .... d the nar� of_ 
t •\;) flo·i fro"' J ,a�y·in� r'o-.-:n DF to tho sc:. • . .  '?he slulc"' 'nne l\.1VOC · 
� D Wl."' "CJuilt� "lith it.s LrJ.dc b�::;.� on .. ,:-:.'-in�: it li,Ghcr tl1<1r� 
t .i�; flooo.. · Ecn.�_vor, it \iUS 1ot r�co;1 zod thut it rr ... l .;;ht o pos-
"iblo to h2vo li.l ' er lo�J3 dm· .:1 the ch: �m�l ED; 1:1: tc'1. co�b .n...:d 
.itl n Sl\?.llor .floo-1 do\m t! ·o str .JJ.l AG • vJoul.d c� s ..... . a flm-t in 
tiH' -:Jtr tc 1 IJ!J L the o,· r10:;;i to dirocti•Jl'l .fr·o·.J that in the · ... e .. �t .. ... ....  ....' j flo.J l t i·J.u..Ch miJ}lt c· 'J.�C h-..,;hcl.., sta;_:;e:.> i':!t vl.iO .31 icc ttlU..."1 t '··t 
01l�;orv .. .:- ..4.!3. tho 1 i-..•\-.c�t flood of r, o \. o) I:1 co� li �t-:::d. c.:_ocs 
·ucl ·:..., ·o,;;_d.;.J O�:;), .lll rc.lGG�:abl • posn� blc co:l:bi .. i�-1-..�no of flm1s 
wv.-:-.t .Jc CO!lO:)idc ... ou <:tn•' the lovees built �,t o._c,;. po ,t; to· hol;.:;l t 
ouf.f ·.cicn··· to provec"t� �tc.,-...ixwt t lC �.wst. "c··c.re con.\.1i tio:1s at t 1�t 
o�· t. rho t i ... ·hcr;t flo · f ceo is c-·t-·n - inu" ct·u.ate ba�is 
of ;sit;n, u.ul �03 vrrr-J lon.:; ru�orc n er") .• �.'-?-i�� �.)lao 
· trne U.I'J.usual c:1..zo of lev�o fD.ilt..rc t�Y)k. Pl' co on a lev (} 4 
�tru�U';;, ' 0 to the_ lac.:... 1,3 of a lovu� .;A.C. -� �.J a lart:;e. slouz�1 1- .ad-
inJ; <P't ''f st cc.'c • tlG "' . o:.� on Fi l"e 2(; .. o poil t of l'U!d C 
b,...._ b.,.., " �- ' � 'l.' • "" " n�, · 1o .. -� l -. .•. , t·• ·C-• 1 1 .�,J-·1 CO""• 'C {� -�i,.,_ �, .n i 1 "'c1• '-'' lJ 1� .. '\.Pl ·• .., \...' ..., ..- 4-U:• i,.l_. � 'i.�·-w • •"'") .. � . ._ r\.. A. f J .) � .. ...,_ 
zr· �J.;h of w 'U:J ... "� -:ill I c !}t:;en t\:-·t ·i !5 no -;."'w.tcr flOtJS frc !.1 the 
··lou<.:)l b..:.ck tj' . .... � "' .t'. -· 'r o·--�r poirt � t�!--=·�"o Hill b� no flou ou .. 
t1-;.o �110·!:� an 1. <:o: ��c -�:...t��.a":.ly no ;;:lorx1. ii -, ... ,.c the ·.·mt(tr level ttt 
o.i.n'iJ 3, \:he· tt t. u ltnr·�:. croOJ .... eCi th.c oJ.o:;._,:,: , \·lil 1 0o i:LS 1 i�h .:lS 
{tt. 1 .  �incc tha 10Llv G ic l i�;h ':Uld br:.�Gi.i. co :.;red·. ·th·.:. r-...:si··t.:mcG 
to flo·i.OV'r it. io i;;l".:J�<t a:�a t1·w �itiC.� .i. ? . .... :. o'-r it v-.tll:be sr:mll. 
'l'hc flo·.� .o\;'11 t. c slo .... l �t tzi 1 not be Z-1:!Tv, L\it 'Jill b•:J &:J:ll , 
· 
DJ�d ;..rcrcfc:::. t .c \v�tr:;r �ur ... Lw·� c .c·t>,!L1.cn ..:.t J till be on y 












b';:tilt :i·tL.:Kt tJ.kin.;; in·· o ceo mt ·.b� r.;:"'' ·- , 0.11 clo )C 
i.n t;le st;:'"�tch ;\D, with ;HJ- ��j: lt ti1at t o crest of the 
1 ' .:.;o at . \·Iawo ..JO lot �'G to b-e belo:.-1 the .tlOO( lo , "·1 1':l.!'d ;·h. .. ti-
0 ·"r t-o.' >"d• .;.� io 1 � lc····t<;.s t 1ut i1 "�vc opin;; un �tue.:�:.t. ... ,t det;l..::;n 
or a 1 .v · e ::;)JO:...c. �,� it is 10f:i cnou._�h ac:�t;atc:r 
· c ;.r\l·r� or tl1o. �-- i1· �t ... u ,.:.. :l • "btw •.:l��i·'u· -.:t-1·:l.::i llU.!> bo -:i ·en to t.ho 
fJ'cct of t.h.. · ·CO ld:.:.ry Ch<lllt ols inGlu{ i_tt0 l.ttl{.OO in ;.>&\t • 
4:-l.:t'{�tt .. 
' .  
In ...... ·:m oa .;.• of channel ul re-te e .. L� 1 v-ue Jrojoct:3; it s 
not. ..,ufficic�t 0 CO,, :·uta /:1Ut th<: �.o;:nlarc;ed C(�<:\rll ol &10'1" \'1 uld 
c·u.-ry, but its c n.nectiou ld t 1 tl � c!larm.ol do �m;:;tr�(VJ :1u.&t also 
be c J :s croci o For -k':�.:rolo u ,> os� .r: F.i · :r .3, line .,. r- re prcs{m �.> 
th-o bott.o··' of. ...  e river �>.Jrl!.ol throl]Jh a. ci�·y in its oriz.lnal · 
Gta 0 U.'l CD ! .,:n·c;:nPtS ._ ho flO\J l' r.tr! in t!d S Cr '·ul."Y11 - fOl'" tho 
flo� 1 for ,.l i .... CL- i·\t is dec:Vcd to daci.:..., 1 t .. a ch::. nnci l�r�D;·armt$ 
In ever·. c·w-.:"i \"Jlich i . .:�vo c't:, .to tle \vrit�:(·'n '�ttm:'tio , it \'-I·C 
dcci eJ. t.o o i.l ... · • . c··�=t..'1f c.c .-��h. t�LO c 1,J11,.: cl t e uniforLa cr Gs � rtc J..• ""' l �l' ' 'o ... . ..... _,_ 1t " l ' , .• "'it-1\ -{�.,.. l ,�i" '"o•• \ -t . •lA..-. n V • · ;�''"'l>• t'nn l in"" � � "to.�.., \A. • V(l -4i .u ,.,.. n ....., . ..... v� ��vvv \oCt <..l. ... '"-�J.. v..r..aL .... �J � t . �\ � v 
EF � fo:r:ili.. lfJV(�eo a.l..one t' c Diuos .<fit� tho c�x tttod mnt-<.n·ie:.l. F'r IJ the .:1.::ur1o cro:1s ,,action r-ou�hnoov :.·nd bottom .. lo.:-e, tho 
doi:Jt':t or flm'l r {.uirc·- to car·ry 1.c .flood disch.: l'J,;e, Hith d ttatar 
m·race �.,,u p.m .... all�l -co tl a ch"nt cl hot.t�l:.'l•- ·;:.ls c . put .... d� Lovoco 
along the chiJ12 o1 1�·oro tho.n desicnotl to �o � w i. x � � ·i�ht �hovo 
t. !"} l' �· "' " J . :�.LiD --0'9'1 l.Jlo • oz· 04 J.Ule .1.:'!. � • . .  
The ·rt''.::.e i:l.this ' Dtlcxi o dv:i�n is t��\lt tho .fln.'i line f.' r 
tl 0 deni:;;L fl or.i do;ll$�,!"t_a;::! fror:. tho C.1)iS.H.Ll4l ir:tr.>r-.JVt.:;'!Cn1-. (IW.::;lOCt• 
i z t-11-· tor·<.,:.:; effects "!'\tlt.lt>l t.:td late·" tn t 1is- ari:.lelc) o·1�· no ... 
be lo·.,:�r t.i"W.ll t.: .A Ol ... tlw im;rove.� nt. 'fr. fl<r-'1 lilw elev�."icn 
ut t1 .:. . aot-mst.r�.:G:J c d o t 1e e 1l<:�r ..;oc. t!.U<� mol 1.tl. th tho ienrov u....::1t 
· ' ·' <:tt. poi..!�t fJ � .... ··' thfi.l .t::Lood 'L'<:,.ter su.rr. c ix ti:"l@ ir. '::>rove� 
ch.:-.trn 1 1�ulu _ -1'" .r � b..1ck '.2"t et ¢,.\!" iJ�"J, �- , .�t ;iu; C:JJ. 1�>:) this i ;;;> 
�b< -- . -.:.·"�i liSlvc� t '-.:J fxv-� '\. to , t� .c lc-.� ·�s ¥'roa�d u. ,_oubt · t.n- b.;; 
OV{!l� i·<;a·� :J.l1tl ¥r ba� l.y e:x:tcnui"!.le floo,.l'in� of t 1e 1 o �-er �r .. · of tho 
r:;}a �U£l� O:'.OJ.ly h'O CCtO(• '"J tb l(;t· .. ,� :J 't.i'Ow\ld OCC ll' e At'lOti .. �er 
... r' r in hi•J do�i[Jl ia �-�u.t(l o.t. the la>.-: .rr end 0£ tln e.u�u-s d 
char r.�el 'th� bot. · ·· £:::·".:4 .1 .c; �· is b�l�·J t.�;; level of thG b ,,tjo!l\ 
:fur -: �l� tJ. 1·n·i��t. ·'" ,..l .a.v..d a ool or <Leper.· � .... ct:ton :.rcm1.d bo for .• lcd 
here �t r. .x;t l'l· r �asc� . . :•.ree s . If t. o st;r: .... n.: cz1.1·ries s -J:i.J, "n.t, 
r;,.;;) .• :1 arly :)U do. �OJ::O o · it '�m.U \ t-enr to "'ettlc i 1 t�is ool, 
t•""'·71 •.!:U"'ll u ... . 11 ·t '' p ' " 11 1 tl.•u n d , ,... \ ··�"' "'' ' ·' t' �'l."'"' dl. e C ,1 ' r"''"' C " ...., C•"'l.' ty � · c...o..� ' a 4 - - � t.A!..J .\..!, .. " .. � .. .  \J:" · l. . ...., ,.t:J, \u � � .. {..)'\._� -!J .. '"" 
Q .:0 t• L"> C ' ..,  "l'�lt'!l ";f .&'. C 't"'•fl � nl 4 •· • nro· ·'"'·' "Yl;, .;, :• r · ·' • •·' , .,. h-y C'. '' z· • �1 J- .'0 t..L- 1..1. ...,. .. -../.. lv, .&. • �.o �J..I � _..h.,.. .. ,..  .,.., 1...0-lo\.... Y W L:�t S V 
dee unL'1�� the �tt.Ot)1 at h dottno··:c .r-. or1 � :;hould be slo� ... �.: . 
do•:r.:rwi;�d ... t. t' H� .8' n.tter slopu than tiE� nut u--�1 �lo .0 of the str�tl; , 
o that a pool ui.ll n.nt b·, for:":!f:'ld ut o-.; di�che.1·._.ea. Hr:r.;c ·or, 
tlti� ...,.�:.,.·,llcr slor n :.U"'Y cnuGa co:-.m s dir:tont deposit, a1 u ir tha 




"'·1:...e. action r.l'� •. �!f:e eh�l�l:tol <eo ·;nin.::; in a str ·nm carryin�� htJ'iV'.Y 
ce H..J�n.t lo d il ad vis ·ihlo � . , 
.,. ·- ' . ' 
. ' 
· · - Vo.ry· erooh::d r·ver·s •ro froquc ttly str:J.ightened to incra(.::.ze 
-t �r" r floo carryln.r: c.:tpm::..ty, by _exec tin:; c .. w.m1�ls aeross tho 
nee� of tho be.lU;.;., or in sed.$ CiASo�, by vu.:.l � ir1g a «·traig;ht channel 
c• tin�; of£ n fct·r bcncs. In· e· . .;r ;·�o caooc a tj,traiJ1t cho.nnel is 
:reavated fCY4' co' oid·"'r<.lble. di;St.:�nce doun tl�� val loy, connoc•· in� 
; ., i�.h tho croo(cd chan ... ol cr:..ly at a few ·r �in.;s . .-i!Qre ·the · traizl t 
· c- ... J.wl happens t ...  i�.tc� �oct the crooked on... Th1 o rocedure r.1 .y 
. le;;.d to urm�-y-e-ct-ed t-roublei duo to t.'le d cre:1so of vaJ.ley stor'�0e 
· c· <:�Ci1· · that· stri.d�).;.t "'.,in,:; proJ tees, and ·to the ocour \ihich· -J.ay 
. x·�sult · in tho �ti ·· Dht, chan:.rwl if itn· slooo bGCOr!IJs too_ tecp •. 
. . 
. .-· - , · In -s�v·� ,...d car�cs crooked ntrc.:u<.S H�rc ::it.ra.i.�;htcned fn the 
. r.d. dle but not· --t the lor.-tcl"' len;-�h of their cour �. l�ha stra. ;;;} toned 
e -nnol t-'!as tnt.\C· st ... o cr t1nn t�H� croor�ed stt' oG; :tn ,faet, ..... o 1, uch 
· s�ec">er th�t the flo,,· in the ctrai@t.�nod cl ruu1el very b'�dly .scourG­
-�it$ bonks 11 i bod; and cn.rriod ·a o.;o..y l:lrgc <:Ual1tit es of e-ru."t�hp 
: t�cG �nd bru·"h. · �:hen thlc l�lat-eri.:t-1 r�:.:uchcd tha t.ul·lJ.tercd c�ccticn 
···of' t.lO ·o.trea.: chm:t.nel, th.i!:i ChalUl<-1, because Of 1ts fiatt<2-r lop!;11 
- ., c uld not eurry the adc i tional ae:di !lOnt load. ronultin:.:; ':rom tho 
· -acour .-.nd . bar� Hare dep sit-ad in tl e cl annol, r;roatly rue cin6 
·. i,_,e eap�tcit.y . on t�1o�P bars tha tr":.(,s and b '\tsh nco n."ed. off of 
-r t � · rul¥& furt.her up&tro'.'"'i collE·ct.e· • ·still fUli.l el� reuu<!int� t. -o 
.. <:h.! n±wl C..'l· "City i:l.l'Jd i J.::luci.!l.:.. :: ditiona.l e�"Jdi:nt-:nt to dcpo�it. he 
l"'.;; tCvion of l· "n.nol Ca.:Ju.city t'n.\S pr--.. xtucw � u::z.rav.::ttcd by tho 
: Lll/'l ''J.Seu x·ttt.e of flood no�1 caWJ�<d by t-ho cutoffs, �3 C-�olui -.-$d 
: .1 1. the i'oJ.lo7d.r"0 pc=.t,r'a.;i'U_eht le-d to tho cor1"1ete ubunU.onn·.nt of 
;'l · ·g� (�l'GL:..S C i' fO:t'D ($1'11 p.:·o _ UCt 'yo fct'fU$ in the lOY.�l" ends Of 
,· t. oso · v�l�yu. · · . · . ·  · · · · · ·· 
• ·• • .• r_. r·· . . . ' . ....... � � �' . ··� ·-·� ·�-. ·-#·· • • ' ·-� � In· O�.iO cas·-'-' an a:roa C?" on0 t£1e lo;"er £!n of a. lon:-J• cro' c� � 
-·. r1 <:-r w s protuct d frOi;l flc.1d!J by cu t · n�; o::. f trWliY of tho bc:1d� 
"'his -ection. "ter the uttiLg off of thr:t: btmdo t-:..- s c t�.n·1,l� 
=.for ·a lon::, d:lt:.tru:lciD' u .. "'·he otr�.:u:1. This r · .. uood the· overflo\·J of 
· ·the bo·ttom lund iJ.lon,:l t 'lO u'1·xbr �nd of the river, thua reducing 
' the "'pace 1.."'1 ·hie 1 tila -r3.tt:z• fl<:>t..-Jir g into thi� s�ction oi .. the; 
. clu:mnel could be ntorcd !l.S the floo � lsvels t-ose, and thus · 
· ir-tC!' :--·sing t_1e rate of lood diccharge. n£ t e c '"� nr .. nel . The ··ccumu­
-· 1· :tivc o ffi:�ct oi the reduction o� st.oree,o du11- to t�:e _cut tin."' off 
or t:..e lleJ!.dS alon� the len�.th 0 the U traatn WD.S SO grl3at that- the 
·. r- te of floou dische.rga �\t tl· .J lo��� en oi- the river \•':.lS largor 
�· the �t.;t-..--i._:, •• tonc· ch.mu1ol -.ould ourTy, <.u d lcvcos he.d to be 
· b- lit to p:-o ... G:ct the land· =.i:dcr• h<ld foi"'!nc:.-.ly been aa.equately pro-
:· tccted by th cu-.... offs. . . ... ·' 
l' 
�--4 .... 
t' ,; \} t, •.�:�;. _.: ) • '  :: '#o. '� � 
/� 
I 
� • • 
r• 
� · .- In [;E;l''\lral,. it r.tay be �u�d r.at r.(ny flooJ control cous-ruc. 
tiou, sucl an lo .,..os or euto"f�, 1oihich red cc t:1o s;x1.co in- l'm.ich 
th<.:: D..ood \Hl · cr o"' a strvL ''l c --a ! . ! tvr�d no tho flooc rises ,-;111 
C .,, .lsr. ., ,.., it " """' " '"' .�c .;n tb.-:- �-... ··") o.r:o ,, . ; .,�,�-� ··r· �-"' o �-1. •.• t � �-r �, ._ .. ,, ; ' ho r Cl\. ..., \...f..A. ..&. -. V..,l. \..1-.,; . .J. iJ. �.... -"" ',..; 1:.4:.. \lt- ..A. ""-'C...L""' �*c-. . A. \.1.4.1 ;.;t v a, ,_. .. I J. _,.,. th;;:. �� ... . · pc· ... -?o·,, .,.,... �to.,. .. . ... ,.., "··..- · c ; .. _,,_ ... � ��.�- #,1'0 .! -.lc .... -- ·�·�r:. l.·, ... a.' i ··ch·:t"" �· "'- ·V • � .. !S V..-. •' .t..lo. tli) J�t ,. v v �""'� · · -.� o• V � v j W.;. J..l .1. '(.;�0� J..t ;.) ._ � 4a �=>..,. 
ratE. · i� li �(;1 .. :.U .... o t. b' lZ1r3o. ·rhi� .f> ct. r;!uct uo conG ... d�rod in 
de.tt':ll'lai·ain� tho cf.foct o'"' t 10 co:1.stru.ctio:n. o.:: floo; .... ·,.ray cl annols. 
fJ "thQ dcDi311 Of o.nc lo � -��ay C.'lar uf.:l StO!" :::;e effects were n.:;�""lcct.od, 
but w, ount d to � -<-il�ly 4v1.� of the flood\'I�Y c.u · · c· ty ·rlt 1 the l esult 
that a u'l.ajor {U.s ..... stDr \"u.mld \�;,ve I-e:3ultcd 1 ud th� .flooch-;ay bc�.n 
built .. a>:> �ir"'t <.1 ·�igneu art, a flood c! t.ho size o. t ·np1"' t\1 ir... tile 
d�s i 1'!1 occu.f·red • 




· � 'l"o unier�t�� ' this -siv�J.at.i·o�-i, conci dor a hypotl et:lcal c· sc 
!ero it is ·prupo ... v··. tt.> ba'J.r.l a l··vovd iloo 'i:i y chw. .. ncl t.o carry 
th� oxc &s flov; O.:.. a I i v0r :Ln floo.. tine, to 1·1 e··o!l!i ovcJ.. .. f.10"t-J, 
t.hrJ 1cvet7�- h··. �lel ru..�.ui.n;_;; parallel to t' r3 r·i VO.t'• �ul>'pose t'.c 
rivo �;:Lll carry a ·  a;d.mu..u flo·-; of J�OOJ cu ic l·OL''•l'S !�1" secon 
w,tt: out d. �tU�;e, �or \:2dc'l �lov:-tion of t·1:3 \.la�er sm"f:co e:c the 
U�Jw:r• end of t! e 'loou.�Ci,y is J / Qaturs� -!;;tt!J�>oce ho�:.'evo:r; th·,·t a 
flood .o£ 5 ,OOJ cu..ol.c ·netol."'· p�r �ec nd CM bt?J ex ccted to coruf.: 
down _the river to t ... he h..J�d of the ch::IUi(}l, -•. nd .n� cction ae·,iu::st 
tnls flood o:r LO.:Ul� or t 10 lOVGOU n Ovc'v�y is c � t;ur: �l�t.t�d. .lt 
r:ould slJ-·m. · .-.t fir:-t gl.Q.UC\:� t�t.-·t r .floo..J,way vilich .,;o d carry 2.ooo 
cubic rae� tors ptn• seco ·ro a., an ··1ovat1o.n of JO raot8rs ·ft its upper 
nd t:Ould have eoJ runple � Iloi.>r· vcr 1 thi.... is not tl o .:.tse. Hud · · . , . 
the $,00J cubic �tor �·�l' SC?C\nd. U<)Ol_ 0 c·urrl:!d ii .he XiV$r \·:ith­
OUt thC1 flo dw.:... , it. -.;ould hJ.vo l'o G.\Ch d u hi.::;...cf)4 nlcv uti n th� .ll 
JO raet� s; f�. ;!:� ·- ;-lo U" I?03G it l ould haye reuched t an elQVeition 
of 35 rnotex' . Tv ttU e tno total flo\·1 dorm the- riv-·•r r�d tho 
floo,_ \'Kl.Y \'iJ.thou1# "euch i !� an el v,· tiL)!l hi ·· h(; r t an 30 :1t:rtars • ... muld req "h•e �,�h� t ·t;.he flood t y charm��l .�oult:.\ lu�v. to carry l'lOt. only 
tho 2 *OvO cubic urJtcrs per s�co.nd, ut �lso the vol "lle oi' wet�·r 
.\:lich wo..1.ld h. vo u£lcn "toro·i in .... he ri vt.:r chunncl �">nd o 'erbm� 
1arc up!.ltr\.:..a. ;ft�o;.a the flood.\··· T, bctv.J"o -u th� fl01:1 lj., c o: the 
. .natu al flood. ( ,,_.� ich reach J •• el� �tiol o 35 meters ··-t th>!) u• !)Cl" . 
et d Of tho fl.o ;ray) and vil' t� produced \41 tl the floodH.r:.y con c t��u.ct�·d 
' ( ih.iC£l. reilciH:1d an elov tio-�. of JO r.1eterz at. tLI?) 8-YJO c oint}. 
! . .  :Tho. -�mo�t of additi.onal di�cl�ar·l'e �a!;>" C.i t-� re ·uircd \10Uld 
1de�1end not only on the. stora�·e �: c.ce bctv-men �.ohdSO t.\11 i'low lines 
. ut �l�o on the r::;.t.c. at v.hich r,, is 'Pi.tCe ·would be fille up by 
the 5,000 cubic �ter per socon flood in the ri ·er 1lt' out the 
floot.l\�ay constru·�t.ed. It ahou.ld be: noted also th · t 'tho in err�� ed 
diach�r,:;e that . .  ould I'O\'U re tho i C e. 5e in tl.i 5Chill [;(s Capacity 
·for tho flood.vtay \-Jill also incro ':30 t 10 flo<Xi dischi. r.::;e� in t.lO 
x·ivcr · 1;1:1�troarn. i'ro.u t e floo t.. ''i• 'rlli incroa38 dioch..:;.r ,_.e 
'do\•mstro�-; · uat · e ta :c-. i. to · ccoUJ.'1t in d10siu lint, t·}e levee 
r aiz. ts not o& ly ·I the river cow wtream fror.1 the flood\-"J&y but 
I 
. , '.; 
.. 
I 
also l.n the flo \ ay its ""lf ru-1 ale the lve:c in t e et.r tch 
parallcine; the flood·;!fay. The e ffe c t � of t 1i t1chart';C �· n 
the ·.ive r d \-:� a u rc · ._::& ! r- r.1 h e  floodHay D.n' - con nc ( , �nntly the hi.::;!wr 
\t-:ater levels vho r.o ie, to r ... duce. t ) e  slop ln DO i til ' f.lood\•l<iY '-md 
tho river p::J. r� llel to t1- e flooJ P<.\Y• Consi c'e  ublo i•� ro;:·;__.a t.ion o 
the e_ fect of zto4 .. Ll.LO roduct i ·� o the d-, s- l ::;n -of fl ood ':'l �} i o  gi v -:, 1 
• by· Li· dor. =:.: 
• mi std\.e \ -· i ch. 1 a s  fre '.Ue tly oecn m. de in t1 St1.ru�1t. in& th o 
cffcc t- o f  con::ha"'U c t i  1g :1 r� :>erv:.>ir to reduce ti ..... floou n --. riv�l .. 
ie to �u.> uu:ile thr �, all of th o ·tor�_.bo cap..1 · · ty f tL e  ro ��orv<>.ir 1s 
available for l··educi '6 t�:J. t£; flood fl�.n.-r. ""l o o.mo u..nt 1.--;hi ch i s  actually 
avall ole is o t .. y the olU:J' b \·th i ch tho · t  r��gc av e. il· bl� ''hen 
. the rc.:;orvoir is construc ted ,L.cecdo t '  e vclu::to wi thin the rc ... rvolr 
·h i'ch would b illcd by the. riv r du ri :�,:; flood bB fore the re s.:-; rvo 
i s  c onstruc te' • ln the cant- of l'0 S 1 ') irs o n  l<>.r··c st ro ··"3s , th o 
voh.u�e l'Jithi 1 a re s ... voir \l!h ich is  oc cu_?ic b�,- the rivc 4 in it s 
n.:c. vUr:'- co� di t i  ;. ry 1-. r�e • anu con..,titut c au appr,.,. c iablo 
part of' the t t.a. c urac .... ty of tho roservo ir rro·-;o:-.ic • I� auc�1 
c se s it i �  i:fl!?Ort �· Ht that t l i s  n · ·.tural f illin$ n --. ce ba ac �ur�-:.tcl 
clet�r.Jine • 
point ·h lich i c  eor.:e tir...., s overlooked i n  l min. ne .flood c r  n�· 
trol schctJiO .:� involvic� re � Ol""' Jir s \:it 1 outlt't s '·Jhi ch are " bu:tl ... ·u:tt . . ... 
out e.1.tes t o  r<.:,::ulatc tl ei.r 9ut fl o;-; 1 i s  that undo col··tai \ c on· i , im . 'i 
eu.ch re �erv iJ.' c ,;u1 inc r ""'atH:. tho paa.}- flm1 in th · ·i v(jrs d otmst rt: ; 1:-• • 
.,., or exa!1ple , con�i<ler tLc e ff ct of 5t.tcb 1 unc unt-.l.�ollo d o � e 'V )ir 
on · a zn.mll •· ri but;;.ry of a large river. Tha M.:�.:.iJ::n.ua. isc arg.c of tbo 
tr: b_utc.ry m��y , :.Ul:ier nntu.r·· l co �diti m s , o c c  -r Gay th .. ee days aft -
th<.� rain sto;rp·-. p cduc in ..::; u flood , an-- tho r.m:dtuum fl c .  o ... the larzc 
river is 1iko ly to co:..'lc l.ntc r , �o.)" s:Lx uayo a.f.'tur thG :nJ.i ... �torw. 
The re s��0:oir- r 1y r.tateri aJ.ly :t'e duc�;� th� 11�aximura flood fl O�>l on t�.10 
triout.nry stre an on �.Li e .�. it i n  lo�.;atod , but it .m-uy pr-oduce a lar�:ur 
f'lo·1 l.nt o th e rtk.;in ... trt: u:t sl; d;;;. s ".fte - the s on:.. , \·;hen tl�c t, ·1. !11 
�tro�-n rcE�Ch'' C_ it s c ;;:'"'� St , than v10uld hcvt.:: flo· ...-c � cut of thn t ribut.<.<- y 
Gtl"'Cf' - a.t th t ti . .  o i f  the r ·  scrvoir h.-�.d not b c Em constru vt.c� . 1 
i c t e .:.t 30 in tha h. i · ' 1t. of t o flood i tho t"1a in st 'e c.'":l. t-:oulcl. thtb 
bo C&U5c - . l-'lood con rol .ro .-:.E3rvoirs vtith unc ont rolled out le t pro­
duce thtD ir ...-.1xii:1Uli1 o't4tfl o ;--:3 l at --: v>  tl �tn th e 1 n Y  ttmr fl0\1 in the 
stre�. on whi cn they <1r '  loc - tod , and the r ossibility th�t this 
could inc rD<4�0 the �i zo of thG nom s  do·.-a.::rt.r\'..l;E!.;i sh ould Lo inV'\:. "ti­
oatGd ,-.he nil-.. ca zuch o:J.tlo+ s �ro l.::nncd . 'j:ho dif..t icu1ty Cf\ .... � 
usun.lly be re;:!o (; l by u.c il1,; cont rolle-d ou lets • uut controll�d 
out lets a1 · o :· vo · di3a · v.a.nt a· �e s . · 
- 6 
I 
As n re::m:lt or tr o c onst,. uct . on of re: servoir2 fo� flood c on­
on stre az.  s car:r' int,;; a v..:: ry .c avy �cdir.l� nt load unc.:p · ctod. 
dct� .. ir:i� ntal efi'...:ct s m·:ty ari se bee: Lt 5e sedit:J.-::nt in l i kely to bo 
de . osi t<;_ , 10t. onl in t ;  e I'l: C !'V-'L"" but ul so unzt r·-"d:l fr-o1a it . 
i'tc en the lle n:..ril e .i·�a nt la en 11: tc.1.• co�idu·.,. do�m th� nt r � . .lln 
·1 a.ci.i U S  t'  P. loi;' 1 at •hich -y,,;(,e!' i b ·�inu .:;torac ill the r(J .s.c rvo ir, 
it will drop a. lar:;(� � a.:"'t •;)f itn sc �::1on.t l o:1.d , c uu.sing � H'� river 
bed at thi� :1oi t to fill u�) sod.e��hut . T.!:lis �-;111 de en;· se t: � 
5lo ... ,e in t. 1':3 i c r· up"�- :r·t;: ar.l nd c uu �e de_:;; ·.) ::;i t �i  an · rizs of the 
i vcr lovel U!c.r -, · .  lso. ::J or.Jo of t.h is u0l) Osit n '\ "f '�\sh out l�tor, 
b t if the l'i-.rcr lnu.t�' w a:1 've · re of -e�u;ily �rod iole r.1aterial tho 
eposita pr-o\ ab. y tdll lncrcw.oc ·;itl t i!ae nd Iili.lY c au:Sh:: u tl ' t� rial 
raisin · of the s t re aw b�:.d. for a lo .. 1D d i �t <: nee upstream fro·., tho 
resot"\'oir. 1'his · m.·..r:w (;) ffuct oc ·urs ;.l ovo S v 01"U,ge and vJ4.4 t e r  iJO 4e z� 
rC ' ' C  :'V.:.Ji.t'S t U�ually i.1Vi:!l1 tO H grtJ atcr G.Xtent. tl all in fiood. CO.Utr. l 
reo�rV)i ' ' • 
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